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. They were obtained from the reaction of mpkoH or ppkoH and hmpH with Mn(ClO 4 ) 2 in the presence of NaOMe, where mpkoH is methyl(pyridin-2-yl)ketone oxime, ppkoH is phenyl(pyridin-2-yl)ketone oxime, and hmpH is 2-(hydroxymethyl)pyridine. Complex 1 possesses a distorted Mn 
Introduction
Polynuclear clusters of 3d transition metals have been a major focus of scientific endeavor for many years, and for several reasons including the quest to understand the details of their roles in active sites of many enzymes, their relevance to research areas such as molecular magnetism, and not least the intrinsic structural beauty that they often exhibit [1] [2] [3] [4] [5] [6] . Manganese clusters, in particular, continue to be under immense study because of the interesting magnetic properties they commonly display, such as Ising-type magnetoanisotropy (negative zero-field splitting parameter, D) as a consequence of Jahn-Teller (JT) axial elongation of Mn III in near-octahedral geometry [7, 8] . When this anisotropy is combined with large ground-spin state (S), it can result in a significant magnetization relaxation barrier, making them single-molecule magnets (SMMs) [9] . These are molecules that function as nanoscale magnets below their blocking temperature (T B ), and often display interesting quantum behaviors such as quantum tunneling of magnetization [10, 11] and quantum phase interference [12] [13] [14] that make them candidates for potential applications in new technologies, such as qubits for quantum computation and molecular components of spintronics devices [15] [16] [17] .
For a variety of such reasons, we continue to explore synthetic procedures to new manganese clusters. Of relevance to the present work is the rich variety of such species that we and other groups have reported from utilization of chelating/bridging ligands such as 2-(hydroxymethyl)pyridine (hmpH) and methyl(pyridin-2-yl) ketone oxime (mpkoH), either by themselves or in addition to carboxylate ligands [18] [19] [20] [21] [22] . Many clusters from these reactions, and analogous ones using bulkier derivatives of these chelates [23] [24] [25] [26] [27] [28] [29] [30] , have displayed interesting structures and/or magnetic properties, and some have turned out to be new single-molecule magnets (SMMs). The latter owes much to the propensity of bridging hmp À to lead to ferromagnetic (F) coupling [18, 21, [31] [32] [33] [34] , as indeed do a number of oximate chelates in Mn cluster chemistry [20, 35, 36] . In addition, some of the Mn 3 SMMs have also proven excellent precursors for making supramolecular aggregates or high nuclearity manganese clusters [37] [38] [39] [40] .
In the present work, we have explored the joint use hmpH and mpkoH together in non-carboxylate reactions in MeOH with simple Mn II salts in the presence of base to encourage air oxidation of Mn II ; we anticipated that the combined use of these distinctly different chelates might give some interesting new clusters. We also employed for comparison purposes the analogous phenyl(pyridine-2-yl) ketone oxime (ppkoH). We herein report the synthesis, crystal structure and magnetochemical characterization of a new Mn 5 cluster type, which is unusual in multiple ways, namely its Mn II 4 Mn IV oxidation level involving Mn ions differing by two oxidation units, and the occurrence of two different chelates generated in situ from a transformation involving hemiacetal formation between hmpH and either MeOH or mpkoH.
Experimental

Synthesis
All preparations were performed under aerobic conditions using chemicals and solvents as received, unless otherwise stated. mpkoH [41] and ppkoH [42] were prepared as described. Safety Note: perchlorates salts are potentially explosive and should be used in small quantities and handled with extreme care at all times. 
General and physical measurements
Elemental analyses (C, H, N, Cl) were performed by the in-house facilities of the University of Florida chemistry department and by Atlantic Microlab, Inc. Infrared spectra in the 400-4000 cm À1 range were recorded in the solid state (KBr pellets) on a Nicolet Nexus 670 FTIR Spectrometer. Variable-temperature dc and ac magnetic susceptibility data were collected using a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet. Pascal's constants were used to estimate the diamagnetic corrections, which were subtracted from the experimental susceptibilities to
give the molar magnetic susceptibilities (v m ) [43] . Microcrystalline samples were restrained in eicosane to avoid torquing.
X-ray Crystallography
Data for 1ÁxMeOHÁyH 2 O were collected at 100 K on a Bruker DUO diffractometer using MoK a radiation (k = 0.71073 Å) and an APEXII CCD area detector. Raw data frames were read by program SAINT [44] and integrated using 3D profiling algorithms. The resulting data were reduced to produce hkl reflections and their intensities and estimated standard deviations. The data were corrected for Lorentz and polarization effects, and numerical absorption corrections were applied based on indexed and measured faces. The structure was solved and refined in SHELXTL6.1, using full-matrix least-squares refinement on F In the final refinement cycle, 36,041 reflections (of which 17,235 were observed with I > 2r(I)) were used to refine 2003 parameters, and the resulting R 1 , wR 2 and S (goodness of fit) were 7.17%, 20.36% and 1.117, respectively. Selected crystal data and refinement parameters are listed in Table 1 .
Results and discussion
Synthesis
The reaction of Mn(ClO 4 ) 2 , hmpH, and mpkoH in a 1:1:1 molar ratio in MeOH with 1.2 equiv of NaOMe resulted in a deep brown 
1.562 Once the crystal structure of 1 had been determined (vide infra), it became obvious that some interesting organic transformations had occurred in situ leading to two distinct hemiacetals being formed and acting as chelating ligands on the cluster. The two hemiacetals are methoxy(pyridine-2-yl)methanol (MeO-hmpH) and (E)-1-(pyridin-2-yl) ethan-1-one O-(hydroxy(pyridin-2-yl) methyl) oxime (mpko-hmpH), abbreviated to reflect their clear derivation from the indicated groups. On the basis of the usual pathway for hemiacetal formation being attack by an alcohol on an aldehyde, we propose the pathways in Scheme 1 for the formation of MeO-hmp À and mpko-hmp À . The Mn-assisted air oxidation of hmpH to 2-formylpyridine is proposed as the first step, followed by attack on the carbonyl by MeOH or mpkoH. We omit any metal ions from the scheme, although it is likely that binding to Lewisacidic Mn 2+/3+ ions activates the hmpH to oxidation and the 2-formylpyridine to reaction, the latter being analogous to the general use of acidic media to activate aldehydes to hemiacetal formation by protonating the carbonyl O atom. With 1 structurally identified, we also employed ppkoH instead of mpkoH in the same reaction, hoping the Ph-for-Me substitution would divert the reaction to a different product. However, the IR spectrum, elemental analysis, and magnetic properties (vide infra) of the resulting complex 2 indicated it to be structurally analogous to 1.
Structural description of [Mn
There are two inequivalent but near-superimposable Mn 5 cations (A and B) in the asymmetric unit, and only the former (with atom labels ending in A) will be described. The labeled core and a stereopair of the complete cation are shown in Fig. 1 , and selected interatomic distances and angles are listed in Table 2 . The cation possesses a low-symmetry {Mn )} unit to which is attached Mn5A via three alkoxide O atoms; this description will be useful in the magnetism discussion below. The Mn oxidation states were apparent from the metric parameters, and confirmed by bond valence sum calculations ( Table 3) The type of ligand transformation seen in this work is by no means unprecedented in metal-oxo cluster chemistry. Perlepes and coworkers have encountered a large variety of transformations of organic ketones, such as di-2-pyridyl ketone (py) 2 CO, 2-acetylpyridine (py)(Me)CO and others, into metal-stabilized deprotonated forms of the gem-diols or hemiketals, i.e., (py) 2 C(OH) 2 and (py) 2 C(OH)(OR), etc., from nucleophilic attack by water or alcohol, respectively [48] . These have led to 3d metal clusters with a wide range of metal nuclearities and structural topologies. In our own work, we have previously encountered an unusual hemiacetyl group LH 3 [49] . We proposed that oxidation of one of the hydroxymethyl arms of pdmH 2 to the corresponding aldehyde had occurred, followed by nucleophilic attack by a second pdmH 2 group; this would thus be similar to the formation of mpko-hmp À by attack of mpko À on 2-formylpyridine.
Finally, complexes 1 and 2 form new additions to the family of Mn 5 clusters known to date. These are collected in Table 4 together with their core topologies and ground state spin values. Table 2 Selected bond distances (Å) and angles (°) for complex 1. (15) a For cation A of the two independent cations in the asymmetric unit, the one with atom labels ending with A in the cif; for convenience, the A suffix has been omitted from all atoms in the Table. b decided to determine the ground state using ac susceptibility methods, and estimate the constituent pairwise Mn 2 J ij values using MAGPACK [64] . 
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M signals down to 1.8 K. Assuming as a first approximation that the magnetic core has virtual C 3 symmetry, the spin Hamiltonian is given by Eq. (2), where the S i subscripts refer to the atom labels of Fig. 1 , and which it is competing (Fig. 4) Fig. 4 .
In Table 5 , using the H = À2JŜ i ÁŜ j convention. b Abbreviations: pko = di(2-pyridyl)ketonoxime; heedH 2 = N,N-bis(2-hydroxyethyl)-ethylenediamine; 3,4-dpa = 3,4-dichlorophenoxy acetate; edteH 4 = N,N,N 0 ,N 0 -tetrakis (2-hydroxyethyl)ethylenediamine; thmeH 3 = 1,1,1-tris(hydroxymethyl)ethane; teaH 3 = triethanolamine; (peolH 4 = pentaerythritol (C(CH 2 OH) 4 ); bpy = 2,2 0 -bipyridine; n.r. = not reported; t.w. = this work. entries in Table 5 
